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DISCUSSION O N ' " T H E TRUE NATURE OF SPEECH" (FLOWERS), 
N E W YORK, F E B . 9, 1916 (SEE PROCEEDINGS FOR F E B 
RUARY, 1916.) 

(Subject to final revision for the Transactions.) 
H. B. Williams: Mr. Flowers has made a definite and valu

able contribution to the physiology of speech by showing that 
in whispered speech the vowel frequencies are very nearly the 
same for all adult individuals. 

His theory that the peculiar curves he obtains at the beginning 
of spoken or whispered syllables where the first sound in a con
sonant is due to variations in intensity of the vowel sounds, is 
ingenious and interesting, but I believe the curves admit of a 
different interpretation. Such curves could undoubtedly be 
analyzed into a number of higher frequencies and the fact that 
in all of the curves of consonant sounds there are marked depart
ures from the sine wave form lends color to the view that higher 
frequencies may be present. 

To record all frequencies of a complicated sound in proper 
relative amplitude, the recording instrument should have a 
natural period higher than the highest component by at least 
one power of ten. 

The galvanometer employed by Mr. Flowers for most of his 
work had a natural period not far from 250 and was critically 
damped. If the accessory apparatus was arranged so as to give 
satisfactory amplitude when this instrument was executing forced 
vibrations at the rate say of 2000, a rate of four or five times 
that would be almost entirely smoothed out. For this reason I 
think it unwise to draw too sweeping conclusions from records 
obtained by this method. 

The experiment of running a phonograph at different speeds 
and securing clear articulation might be also explained by the 
assumption that the sound is recognized by the association of a 
number of frequencies which bear a definite relation to each 
other. No one, so far as I am aw^re, has ever assumed that 
the speech sounds were characterized by a definite absolute 
frequency. 

L. T. Robinson: It seems to me in the paper now before us 
and in a great many previous writings, we have gone too far on 
the assumption that the electrical wave was the sound wave. 
There is enough difficulty, perhaps, in recording the electrical 
wave; but there is a tremendous difficulty, in my own mind, in 
making that leap from the sound wave to the electrical wave. 
I have done enough work in this line to convince myself that 
in most cases the sound wave and the electrical wave are quite 
different. 

Albert C. Crehore: I have had some experience with the 
galvanometer which has made these records, for another kind 
of work, a study of the nerve transmission. Here the galvano
meter is practically short circuited through the induction coil 
and for that reason the electromagnetic damping is very great. 
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In the case of the work I was doing, there are ten thousand, 
twenty thousand or thirty thousand ohms in a little section of the 
nerve that comes in so that it is a comparatively undamped 
vibration. 

There is one thing which Mr. Flower's work has almost estab
lished, and that is where he has differentiated between whispered 
speech and speech involving the vocal chords. The consistency ob
tained in these curves for whispered speech in different individuals, 
whether male or female, is very striking, and there must be some 
foundation for it. I do not mean to have you understand that the 
curves which are here given represent accurately the current or the 
sound wave necessarily. Whether they do or not, you can com
pare the consistency of them—I mean to say if under similar 
conditions, you have a constant result, it has a meaning irre
spective of the fact whether it is a true record or not. In 
using such a galvanometer we always take the control, that is, 
place a known potential suddenly across the terminals and observe 
the deflection and time record. This is invariably done dur
ing the course of any work with the galvanometer, because you 
can change the tension of the string at a moment's notice. I 
would like to see a control curve showing the eondition of the gal
vanometer for these records. I assume that the string was slack 
and had a very low period of vibration, necessarily, because there 
is not sufficient energy to get results otherwise. But under these 
conditions we are recording forces or vibrations with a string 
which is absolutely damped, and there would be no over-shooting 
of the string if you should deflect it. Imagine the string at the 
top point of any one of the curves, where the force suddenly re
verses ; if the same force had been left on indefinitely, the curve 
would have risen up far beyond its base, so that it is not a true 
record of the force that is there at any given moment if wè 
calibrate the instrument with direct currents. The average 
force is practically zero, and so you have a wandering zero. 
I do not think that detracts to any material extent from the 
deductions you can make from the records, even though the curve 
which Mr. Flowers gives as an alphabet may have to be modified. 

William Maver, Jr.: In Dr. William Hanna Thompson's 
work "Brain and Personality," in debating the manner in which 
the nerves and muscles of the body are trained'and controlled, 
he remarks that certain instances to which he has referred of 
highly trained muscles cannot be compared for complexity and 
difficulty with the training of the muscular organ, the tongue, 
for the movements necessary for articulate speech. An animated 
orator, he adds, has to make a greater number of rapidly suc
ceeding and yet perfectly adjusted contractions and relaxations 
of his muscles of articulation than any famous performer on a 
musical instrument. Mr. Flowers apparently has accomplished 
the difficult feat of photographing the rapidly varying vibrations 
due to these rapid yet perfectly adjusted contractions and relax
ations of the muscles of articulation. 
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In accord with other writers on the general subject of the 
fixation of knowledge in the brain, Mr. Flowers expresses his 
belief that a particular brain cell receives the impression of a 
given pattern picture. In this relation, Mr. Flowers later points 
out that when one becomes familiar with the phonographic 
alphabet he will be able to read it as easily and as intelligently 
as the telegraph operator reads the signals used in submarine 
telegraphy. 

We might find an analogy to the view that particular brain 
cells respond to given pattern pictures in the case of certain 
printing telegraph systems. For instance, the Baudot system, 
much used in Europe. In this system combinations of five 
pulsations of positive and negative current are transmitted over 
the wire for the letter of the alphabet, a different combination 
for each letter. According to the manner in which these pulsa
tions of current arrive, certain relays will be operated, and these 
relays in turn will select the letter represented by a given com
bination of pulsations, by bringing the desired letter on a type-
wheel opposite a paper strip, on which the letter is immediately 
printed. This is termed in the art, selective printing telegraphy. 

As a matter of interest, it is quite as accurate to say that the 
Morse telegraph is also a selective system of telegraphy, whether 
the signals transmitted by that system are received on a paper 
strip as dots or dashes, or by audible dots and dashes, so-called. 
In receiving messages by sound, the ear transmits the combina
tions of dots and dashes representing given letters of the alphabet 
to the brain cells that have been trained for this purpose, so-
called memory cells, and the brain cells concerned respond to 
the given combination of signals, and we or the something within 
us which I think Dr. Thompson would term our personality, 
recognizes the signal for what it is meant. Correspondingly, 
the trained brain cells, or as we would say in telegraph phrase
ology, the properly adjusted brain cells, which receive through 
the eye their impressions of Mr. Flowers' phonographic alphabet, 
respond by vibrating or otherwise in such manner that again 
our personality recognizes the impressions for what they are 
meant. 

Perhaps for the purpose of assisting in illustrating the foregoing, 
we can utilize Fig. 1 in Mr. Flower's paper. Let us consider the 
tuned electromagnets in the diagram as the equivalent of the 
memory cells of the brain which have been attuned or adjusted 
to special rates of vibration, or otherwise suitably adjusted, by 
frequent visual repetition of the pattern pictures. Now, whether 
the memory cells when stimulated by the pattern picture are 
the equivalent of a selenium cell or the equivalent of an electri
cally operated recording pen for the interpretation, deponent 
saith not. Perhaps Mr. Flowers will have some enlightenment 
for us on this subject in his forthcoming paper on the nature of 
hearing and perception. 

William J. Hammer: Regarding Mr. Flowers application of 
the selenium cell in his work, permit me to say that while people 
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with limited experience ridicule the employment of the selenium 
cell because of its unreliability, its inertia, etc., I wish to say 
that I have frequently demonstrated its reliability, and some of 
its many practical applications, were shown before the Insti
tute at its joint meeting with the American Electrochemical 
Society on April 17th, 1903 during my lecture on ''Radium, 
Selenium, etc.", at which time I operated 5-h.p. motors and gen
erators, fired cannon, turned lights on and off, talked over a 
beam of light, etc., by means of selenium cells and an acetylene 
lamp, and the proper relays and switches. 

As illustrating in a remarkable manner the sensitiveness of 
the selenium cell to sound recording reproductions and trans
mission, I beg to call the members' attention to Mr. Ernest 
Ruhmers photographophone which I described at my lecture in 
1903, and which I personally operated in Berlin in 1902. 

In these extraordinary experiments, when one talked in a tele
phone transmitter connected in a shunt circuit of an arc lamp 
it caused the light to vary as a manometric flame. The light 
beams were passed through a cylinderical lens in the front of a 
moving picture camera and photographed in striations of vary
ing width and intensity upon the moving film. After the film 
was developed and put back into the box and the arc lamps 
replaced (but now burning steadily) the striations on the film 
acted like slats in a shutter to allow more or less light to pass 
through the film and to then fall upon a selenium cell in the back 
of the box. To this cell a pair of telephone receivers was con
nected, through the intermediary of which the original message 
could be distinctly heard. 

Let me further remind the members of the comparatively 
recent and entirely successful transmission of pictures through 
the intermediary of the selenium cell, from Paris to London, 
across the English Channel, the pictures appearing in the Lon
don papers within a few hours. 

L. W. Chubb : I have made some tests to check some of the 
present theories of speech and vowel sounds. The theory of 
constant frequency and mouth resonance for vowel sounds, was 
disproved both by the phonograph test, also tried by Mr. Flowers 
and by the singing of vowels at a note of higher fundamental 
frequency than the supposed frequency of the vowel. As an 
example the vowel "oo" is supposed to be represented by the 
resonance or amplification of harmonic frequencies around 400 
cycles per second, and yet the vowel or a word containing it 
could be distinguished when sung several notes above high C. 

The results of such tests and the disagreement between spoken 
and whispered vowel sound waves, makes me feel that the reso
nance at constant frequency, although present, is not the distin
guishing feature of the sound. 

Is it not possible that Mr. Flowers' pattern theory is correct 
and that the resonance of certain frequencies in certain sounds, 
is unconsciously produced by the speaker so as to combine ad ja-



1916] DISCUSSION AT NEW YORK 1087 

cent harmonie components in such a way as to get a low frequency 
pattern or beat? 

Comfort Â  Adams: Dr. Kennelly has done a large amount 
of work, both theoretically and experimentally, in analyzing the 
connection between the vibration of a telephone receiver dia-
phram and the current producing it, as well as the relation of the 
deflection of an oscillograph system to the current producing it, 
over a wide range of frequencies. On the oscillograph end of this 
work, in which I have been much interested, we have found that 
the record is fairly accurate up to within a comparatively small 
percentage of resonance. That is, there must be no appreciable 
harmonics of that order in the current being measured. Theo
retically the problem is extremely difficult when all the numerous 
variables are considered, but fairly reliable results can be ob
tained, when the limitations of the instrument are appreciated. 
Otherwise it is very easy to be badly misled by oscillograph 
records. 

A. C. Crehore: In my remarks upon Mr. Flowers' paper, 
I had in mind chiefly the application of the string galvanometer 
for recording such waves as are shown in the illustrations in the 
paper. It seemed inopportune to introduce a theoretical dis
cussion of the galvanometer in connection with this paper merely 
because I have worked out the theory of it. There is a great deal 
to be said about it and of a very complex nature. We have to 
study nothing less than the complex motions of a stretched string. 
Think of it if you please as a violin string set in motion not by the 
bow acting at a single point of the string, but by the magnetic 
field distributed in some way along most of the length of the 
string, the force thus being applied to many parts of the string 
simultaneously and in varying amounts, and we have a partial 
statement of the problem to be solved. 

So, in my remarks, I had hoped that you would accept the 
statement as given without proofs that the movement of the 
string under the conditions imposed by Mr. Flowers' problem 
could not possibly be an exact reproduction either of the waves 
of sound or of the current in the string, but it might approximate 
it closely if the conditions were properly met. To have emphasized 
this point at some length by these proofs would have seemed to 
detract from the merits of Mr. Flowers' findings, for I believe 
it to be feasible to obtain results of some value with an instrument 
which does not record the exact sound waves but yet shows 
much valuable detail, as this instrument does. We may be assured 
that if similar results are obtained on the films in different in
stances the probability is very strong that similar sound-waves 
caused the records to be alike. This is where I think Mr. Flowers 
has made a real contribution to our knowledge. 

I t is my conviction that the records are at best approxima
tions with all existing instruments and this is the reason that 
a theory of the instruments, is so much to be desired. I t tells 
why the records are approximations and what must be done to 
make the approximation closer. 
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The way in which the magnetic field Is distributed along the 
length of the string is of prime importance in the reKulting mo
tions of the string. In instruments as now constructed this 
field is uniform as nearly as this condition can be readily ob
tained over nearly the entire length of the string. If the field 
were exactly uniform the proof is very simple that the curve 
assumed by the string is the arc of a circle under the action of a 
steady direct current, no matter how great the deflection. This 
fact gives rise to certain complex motions of the string, each cor
responding to the terms of a Fourier series expressing this cir
cular arc, that is, when variable currents are applied. The 
simplest possible manner of the field distribution along the string, 
so far as the resulting motion of the string is concerned, is that 
of a sine-curve, the field strength being a maximum at the center 
and tapering according to the sine law towards both ends. 
With such field the curve assumed by the string under the 
action of a direct current is also that of a curve of sines, which, 
therefore, is expressible by the first term only of a Fourier series. 
The motions of the string under these conditions are the simplest 
possible, and the complete solution of the motion of the string, 
for any kind of a current is known. This solution is complex 
enough, to be sure, but it is safe to use this solution as a basis 
for making certain deductions, and if it is apparent in this 
simpler case that the string can not follow exactly such sound 
waves as Mr. Flowers applies to it, so much the more would 
this be true for the more complex solution in the ordinary case of 
uniform field distribution. This solution in the case of the sine-
wave distribution of the field for a simple harmonic e. m. f. 

e = Ei cos coi / = / (t) (1) 

is, for the periodic portion of the motion alone, 

„ = Ho E cos (co i / - 6i) . πχ_ 
yi pR Km2 - Oh2)2 + kS cor2]* / ' w 

where y is the deflection of any element of the string at the dis
tance x from one end of it, and I the length of the string. H0 
is the strength of the magnetic field at its maximum point in 
the center of the string, p the mass of the string per unit of 
length, and R the total resistance of the circuit, in which the 
inductance is supposed to be negligible. These and the other 
quantities in this equation except t are constants, and the equation 
gives the motion of the string as a function of the time. The 
phase angle €, is such that 

, ki coi / ï ë 

tan d = -^ΖΓ^'  (3) 
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and the constants ni and ki in terms of the properties of the 
string and the air damping factor k are 

» 1 l V p 
and 

kl =k + mi 
2pR 

(4) 

(6) 

When the e. m. f. is a complex function of the time, it is ex
pressible as a Fourier series of cosine terms, and the resulting 
complex motion of the string is then merely the sum of a series 
of terms, each similar to (2) in which coi and ex take different 
values, all other quantities remaining the same as before. An 
easy way to see these results is by means of specific examples 
illustrated as curves. Since the observations on the string are 
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usually made at its central point, where x = Z/2, we may first 

simplify (2) above by making sin 7Ã X = 1, and writing y0 for 

y, this meaning the deflection of the center of the string. The 
curves that are instructive are the relations between the deflec
tions of the string produced per unit of current as the frequency 
alone varies, keeping the resistance of the circuit constant. 
Curve I, Fig. 1, is such a curve plotted from (2), showing an in
crease in the deflection per ampere up to a critical frequency of 
"75—, and then rapidly falling off for a further increase. The 
character of this curve is much affected by the particular resist
ance originally assigned, and the resonance effect is more pro
nounced the greater the resistance. Curve II represents the 
same thing, the only difference being that the resistance originally 
chosen for the circuit is one-tenth of previous value and the im
pressed volts also one-tenth,the current being the same. Curve I I I 



1090 TRUE NATURE OF SPEECH [Feb. 9 

shows a further decrease to a one-tenth value in the resistance 
and volts, the current being the same in the three curves. The 
resonance effect has entirely disappeared in these latter two 
curves. From (2) the maximum .value of the deflection may be 
written 

Yi = .♦,... ...I9, . . , . . > . where Ã„ = -^ξ- (6) i(«i2 - ù!2)2 + £i2 oh2,* pR 

or at the critical frequency, when « t = Wi, this is simplified to 

Y0 Ho E 
Yv 

PRwl{k + Yp-R) 
(7) 

W I . And if the damping factor _ _ is small compared with the 
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quantity k, the air damping factor, the deflection at this critical 
frequency with the same current and frequency is almostexactly 
inversely as the resistance of the circuit, as is evident in these 
three curves. 

If the value of wi is reduced to one third of its value for these 
three curves by increasing the tension on the string, we would get 
a curve like IV for the same resistance in circuit as that in Curve 
I. This shows a much sharper resonance point. The voltage 
and current for this curve are, however, increased so as to give 
the same deflection for a direct current or a zero frequency. 

Another set of instructive curves are those showing the changes 
in the phase angle €1 (3) with a change in the frequency, other 
things remaining unchanged. Some of these are shown in Fig. 2, 
Curve I being that corresponding to Curve I of Fig. 1, where the 
critical frequency is such that coi = 1000; and resistance the 
same as in that curve. A decrease in the resistance alone will 
change this curve into one like Curve II. Curves III and IV 
are a similar pair for the case of greater string tension, III cor-
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responding to IV in Fig. 1. The phase angle is zero in each 
case at the critical frequency, and changes from 90° at 
zero frequency through zero to approach —90° at very great fre
quencies. 

We now come to the consideration of the case that applies to 
the condition of the galvanometer in Mr. Flower's records. 
The frequencies that he records are far above the critical fre
quency, which is determined by the string tension, and we are 
then working at a point on the curves at some distance to the 
right of the peaks of the deflection curves in Fig. 1. If we had to 
deal with a single sine-wave voltage alone of varying intensity 
and definite frequency, the record would give deflections strictly 
proportional to this voltage, but if the frequency decreased we 
would get a slightly different deflection for the same voltage. 
The fact, however, that these curves may change very slowly in 
height with an increase of frequency when we ^re far removed 
from the critical frequency goes to show that the approximation 
to proportionality may be fairly close over a certain range of 
frequencies, although it can never be exact. 

Similarly the phase angle also may remain fairly constant 
over a certain range, but this phase angle does not make much 
difference if we only have to record a single-sine-wave. The 
making of the record is merely delayed a* constant fraction of a 
cycle behind the current in the string. It is when two or more 
harmonic forces, that go to make up the complex waves with 
which we are concerned, are present simultaneously that the 
phase angle or the time lag becomes important. To illustrate 
the case suppose there are but two waves and the one double 
the frequency of the other. The phase lag of each may be very 
large for high frequencies approaching 90°. This would mean 
that the absolute shift in time would be twice as much for the 
slower wave as for the faster, and that their relative shift amounts 
to one quarter cycle of the higher frequency wave. If the original 
waves coincided in phase, the zeros of the higher frequency com
ing at the zeros and the maxima of the slower wave, they never 
would so coincide in the record, but the zeros of the lower fre
quency would come at the maxima of the higher frequency. 
This condition would not give anything like a true record of the 
original, but it might answer some purposes if one were studying 
one particular frequency. 

Curve II, Fig. 2 shows, however, that this phase lag may not 
only be fairly constant over a considerable range but that it 
may also be zero over this range as well. In this condition the 
relative phases are not displaced and the record should approach 
quite closely the current in the string in form with the under
standing that all the lower frequency waves are magnified 
in amplitude a little more than the higher ones. So we see that 
it is possible with a. string galvanometer to record a complex 
wave in an approximately correct form but only approximate. 
I t is evident, also, from the preceding remarks that it will not 
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do to calibrate this galvanometer by means of a direct current, 
and expect that for each deflection observed in the high frequency 
record the current is the same as that due to a direct current of 
the same intensity. Curve III, Fig. 1 shows this. The current 
is the same throughout this curve, and the small deflection at the 
high frequencies is in great contrast to the large one at the origin 
where the current is steady. If at any point of the record save 
where the current is zero one should suddenly maintain the 
current then existing fixed, the deflection of the string would in 
general go way out of the field, becoming very large. If, how
ever, you are so well acquainted with your instrument as to know 
its constants and exactly what you are doing, the calibration with 
direct currents together with the use of a theory will give the 
deflections to be expected at any frequency. 

I have illustrated this subject by the use of an ideal string 
galvancmeter, »the like of which does not exist, and have shown 
that we may only hope to get a fairly close approximation in any 
case to the current in the string, and have not said anything 
about the phase shifting effects of the induction coil and tele
phone transmitter as being beyond the scope of my remarks. 
If we should employ an actual string galvanometer, whose 
magnetic field'is approximately uniform throughout the string, 
the approximation would not be so close as that obtained with 
this one. In skilled hands this instrument is capable of giving 
results that can be relied upon, but it is important to know its 
constants, and to understand the theory of it in order to arrive 
at those conditions which will give the closest approximation to 
any desired result. When there is a complete knowledge of these 
things it is possible to apply the theory to certain records, and 
correct the records to give the probable true currents in the 
string. 

The curves which I have used to illustrate my remarks are not 
those which apply directly to the condition of the galvanometer 
as Mr. Flowers has used it. In his case the electromagnetic 
damping is the larger of the two, and in these curves I have 
supposed that the air damping is the greater. 

J. B. Taylor: This paper may be discussed from several dif
ferent points of view: 

First, the connection between the nature of speech and elec
trical engineering. 

Second, the correctness of the photographic records offered, as 
representing the form of the associated sound wave. 

Third, the correctness and originality of the theory favored by 
the author based on these photographic records or on his other 
data. 

Fourth, assuming the theory to be correct how closely may the 
author's " pattern pictures " for the alphabet from A to Z be 
taken to represent the true patterns? 

Fifth, can a voice-operated machine be made along the lines 
described to write definite, readable characters when spoken 
into? 
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The nature of speech is quite as proper a subject for considera
tion by electrical engineers as any of the problems of telephony, 
since for perfect speech transmission, there must be exact cor
respondence between the sound waves produced by the complex 
actions of the speech mechanism, the mechanical motions of 
telephone apparatus and also of the transmitted current as 
modified by resistance, reactance, capacity, permeability and 
hysteresis of iron, etc. Theoretical and practical difficulties 
all along the line prevent perfect sound transmission. The 
telephone user, conversing easily day after day, often fails to 
realize the dependence which is placed on context and is 
at a loss to explain the difficulty of understanding proper names, 
figures and unfamiliar words. Note the changes which have been 
made in telephone call letters in the attempt to reduce mistakes, 
and the special telephone language which is springing up to 
further assist in this direction. Any attempt to improve tele
phone apparatus and transmission or transformation conditions 
must have as foundation, knowledge of the essence of speech and 
a knowledge of the relative importance of the different factors, 
so that where compromise must be made, the more necessary 
speech factors will be the least disturbed. These remarks apply 
as well to " loud-speaking " telephones for train announcing and 
similar uses, and perhaps with even more force, to the rapidly 
developing field of radio-telephony where many new devices 
and remarkable transformations are brought into play. 

Regarding the photographic records, it should be borne in 
mind that these were made with the help of a string galvano
meter. While this has high current sensibility, as compared 
with an oscillograph, its natural period is perhaps 300 or 400 
per second against the figures 6000 to 10,000 for the oscillograph. 
This would call for some correction on all of the curves, and 
indicate markedly different appearance in those, such as numbers 
3, 6, 7, 11, 12, 14, 20, 23 and 25, where the author assigns fre
quencies of 2000 to 3000 cycles and in the last case up to 5000 
cycles per second. No mention is made of the natural frequency 
of the acousticon transmitter and diaphragm with its connected 
parts and closely associated air cavity. In my study of sounds 
and telephone currents with the oscillograph, I have found the 
form and adjustment of the transmitter, a highly variable factor 
in the resulting record. For example, in A.I.E.E. TRANSACTIONS, 
Vol. XXVIII , 1909, Part II, oscillograms are shown, made with 
different transmitters. Though the record^ differ greatly in 
appearance, the inexpert telephone user would probably notice 
no difference in the receiver. 

Bearing oh this criticism, Mr. Flowers has replied that the 
correctness of his records was checked by constructing a selenium 
cell phonograph and that the reproduced sound was distin
guished as being the same vowel or consonant originally uttered. 
Such a test I believe shows merely that much liberty can be 
taken with the shape of a sound wave, as is actually done with the 
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regular telephone, and still have recognizable speech. I base 
this statement principally on some tests in which several tandem 
conversions were made from electric current to sound, back to 
current and again to sound, with oscillograph examination at the 
different stages. 

Many experimenters and observers have studied the nature 
of speech and numerous devices have been employed to analyze 
or record the sound wave. We may mention the phonautograph 
of Leon Scott, spherical resonators, sensitive flames, diaphragms 
arranged to deflect a beam of light, diaphragms set up as part 
of an interferometer, motion of soap films, study of telephone 
currents by resonant circuits, oscillograph, or string galvanometer 
and by microscopic examination or enlarged transcribing of 
phonograph records. 

Following some of the theories as to the nature of speech of
fered as a result of these studies and also by independent cut-
and-try methods, various attempts have been made to construct 
machines which under proper manipulation would talk or at 
least produce one or more of the speech vowel tones. 

As regards the consonants, it is quite generally agreed that 
these are not properly sounds but merely different fashions of 
beginning or ending certain other sounds. The very name itself, 
consonant, indicates that it is something that goes along with the 
sound rather than being sonant, or a sound of itself. Of all the 
possible speech sounds, there are of course many which are 
neither definitely vowel nor consonant in character. Mr. 
Flowers quotes Helmholtz to this effect on the second page of 
his paper and as far as the consonants are concerned, his records 
and conclusions appear to be in agreement with the generally 
accepted view. 

The theory of speech, however, about which there has been and 
still is a pronounced difference of opinion, relates to the vowel 
sounds and here opinion has been principally divided between 
what is called the " harmonic " theory and the " absolute pitch " 
theory. 

According to the harmonic theory, one vowel is distinguished 
from another in the same, way as are two different styles of organ 
pipes, by the number and relative magnitude of partials consisting 
of fundamental and harmonic over-tones. To demonstrate the 
correctness of this theory, elaborate sets of electrically operated 
tuning forks with associated resonators, for controlling intensity 
of sound sent out from each, have been constructed. Although 
a great range of tone quality can be produced with such a set of 
resonators, personally I have never witnessed the apparatus 
manipulated so as to produce anything fairly approaching a 
speech vowel. Nor could I produce any of the vowels from a 
more complete apparatus, consisting of a number of electrical 
generators in harmonic series with arrangements for controlling 
the intensity of each. 

In the early analysis of speech, it was found that certain * 
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resonators responded readily to a given vowel tone, more 
or less irrespective of the pitch of a speaker's or singer's voice. 
This fact coupled with unsatisfactory results obtained from the 
series of harmonic forks, brought many adherents to the absolute 
pitch theory. If pitch alone were the essence of vowels, they should 
be heard frequently from a pipe-organ or from an orchestra. 
Such, however, is not the case. I have made phonograph tests 
(similar to that cited by Mr. Flowers) some years ago and agree 
with his conclusions on this point. Incidentally and as indicat
ing the great caution which must be taken when using the phono
graph to determine the essence of speech or study the quality of 
a sound, I may mention that Professor D. C. Miller several 
years ago, at the Cleveland meeting of the American Association 
for the Advancement of Science, operated a phonograph at 
normal and at reduced speed to show his audience that one vowel 
would change into another—in other words to show the correct
ness of the " fixed " or absolute pitch theory, the indentical 
experiment which Mr. Flowers cites to demonstrate the incorrect
ness of the same theory. The difficulty lies in too much psy
chology in proportion to the amount of physics. Having reason to 
doubt the sufficiency of either of the prevailing theories, or both 
in combination, I attempted to get at the root of the matter by 
observing and recording telephone currents with an oscillograph. 
The first of these records was taken in 1904 and the reproduction 
of a telephone current appearing on page 212 of Vol. XXIV of 
the A. I. E. E. TRANSACTIONS for 1905, is the earliest publication 
of such a record that I am aware of. 

My records are not closely comparable to those of Mr.Flowers's 
paper for reason that he has limited his discussion to whispered 
sounds, whereas I gave attention principally to the sustained 
open vowels. Of these, the starting point is naturally the A 
(as in far.) This is the vowel which is produced by the voice 
mechanism with the muscles in the normal or relaxed position. 
I t is the vowel on which the baby naturally cries, and it is exten
sively used in our vocabulary, as also in that of every other lan
guage. This sound however, does not appear among Mr. 
Flower's photographs nor in his alphabet of pattern pictures. 
This is because our alphabet is largely a series of arbitrary names 
for certain written or printed characters which in turn, in use 
may have any one of several different sounds. A more complete 
phonetic alphabet would have instead of 26 letters, approximately 
twice as many sounds of which, wkhout going into the fine shades 
of pronunciation, some 14 or 15 would take the place of the 
present 5 character names for the open vowels. 

I have previously described the sound A (as in far) as consisting 
of a series of relatively high frequency vibrations following a "curve 
of intensity." In the case of my own voice the vibrations proper 
come at the rate of 720 per second with an intensity cycle fol
lowing a fairly definite curve at the rate of around 100 per second. 
The 720 cycles are subject to little or no control, while the 100 
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cycles (which is the pitch of the voice) may be lowered or raised 
to the pitch I may desire to speak or sing without materially 
changing the 720 cycles. Three typical oscillograph records with 
the voice differently pitched, are shown in Fig. 3 and 3a. If curves 
of this character are analyzed, as is frequently done by Fourier's 
series, the fundamental is practically absent and a long list of 
harmonics each with a particular phase relation is needed to 
approximate the record. Some experimenters have maintained 
that given a tuning fork for each of the harmonics shown by the 
analysis, that the vowel sound could be produced synthetically, 
but this I doubt unless special means were provided to secure 
also the definite phase relations indicated by· the analysis. 
Furthermore, it appears probable 
that the 720 cycle vibrations are not 
always regularly continued from one 
intensity cycle to the next, so that 
the harmonic series of tuning forks 
could not be made to match the voice 
vibrations in this respect. The situa
tion is analogous to the damped wave 
trains of spark telegraphy. The spark 
frequency may be 120 cycles per 
second (there being, however, no 
radiation of wave-length correspond
ing to this frequency), though the 
tone which is heard is of the spark 
frequency and the actual vibration 
frequency is not sensed. Other vowel 
sounds may be similarly though not 
so simply described. If the essence 
of the vowels is an intensity cycle 
recurring with a rapidity which we 
distinguish as the pitch of the note, it 
is evident that we have something 
here quite distinct from the harmonic 
theory or the absolute pitch theory. 

I have regarded the "curve of intensity " as determined prin
cipally by the form of opening, and character of vibration at the 
vocal cords. Thus, in the case of the vowel A discussed, the 
opening is rather sudden and the closing gradual, which regulates 
the admission of air in such a manner as to cause the production 
of 720 cycle vibrations from throat, mouth or nasal cavities. 
In other words, the vocal cords are not the seat of the sound 
vibration but a throttle valve in a supply pipe. In this explana
tion, I differ from what Mr. Flowers offers where he speaks of the 
mouth and the behavior of the mouth muscles as producing his 
patterns in the case of a sustained vowel. 

The best evidence which I have for my opinion rests on strobo
scopie observations of my own vocal cords, pitching the voice to 
the period of intermittent illumination of the rotating strobo-
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scope. Referring still to the vowel A, the vocal cords were seen 
to be vibrating at 120 cycles per second (the intensity frequency) 
instead of 720 cycles (the principal sound vibration frequency as 
disclosed by the oscillograph.) 

The stability of the 720 cycles for my own voice on the vowel 
A might appear to lend support to the fixed pitch theory. How
ever, at fhe same time and with the same apparatus with which 
these records were made, my wife's voice showed a characteristic 
960 cycles for the same vowel. For this vowel Helmholtz assigns 
1096 cycles. Also my records for the vowel i (as in pique, and 
more familiar in English as ee) Fig. 4, show pronounced vibrations 
at around 2000 cycles which is in fair agreement with the 2500 
figure given by Mr. Flowers in his ee sounds. For this vowel 
Helmholtz gives 2322. 

I do not see the justification for taking these records with 
whispered rather than with voiced sounds. Whle no special 
training seems to be required for whispering or for understand
ing the whispered word, perhaps too much is taken for· granted 
in relying on such records as basis of design and construction of 
machines to operate with voiced words. The essential distinguish
ing physical features may not be the same. I made some obser
vations with whispers but felt that the hissing and breath sounds 
were confusing and tending to conceal the essential data sought. 

I see no reason why study and training may not enable one to 
read the spoken word from some form of photographic or o'ther 
sound record, but such a record would have to be many times 
longer than a line of type corresponding to the same words. 
I have given some consideration to a visual device whereby a 
trained deaf person might see the word spoken by another, but 
fear such a reading is almost impossible of attainment, judged 
by the speed at which a printed page can be read. Similar 
time and space objections would appear to hold in a voice-
operated machine of the type outlined by Mr. Flowers. If the 
paper cylinder rotates fast enough to make the consonants easily 
distinguished, the vowels and pauses will use up yards and yards 
for even moderate length sentences. Is there any marked saving 
in space, and why should his special form of record produced by 
resonant circuits, controlling mirrors and selenium cell, be as 
accurate or any more easily deciphered than a continuous record 
such as would be given by combination of telephone and oscil
lograph? 

The problem is a fascinating one and Mr. Flowers is not the 
first to design devices nor to attempt the construction of ap
paratus. The earliest definite· attempt in this line which has 
come to my notice, is that of Barlow about 1874. He called his 
device the "logograph" and arranged an India rubber diaphragm 
about 2\ inches in diameter to draw a line on a moving strip 
of paper. Deflections of about % inch were obtained as the 
apparatus was arranged. See Journal of the Society of Tele
graph Engineers (England, vol. VII, 1878, page 65). 
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John B. Flowers: Many interesting and valuable suggestions 
have been added to my paper on " The True Nature of Speech/' 
and I have considered them all with deep interest. To answer 
them fully and with the hope that the reply would be conclusive 
and definite, is not possible until after the completion of the 
voice-operated phonographic alphabet writing machine. With 
a set of pattern pictures of the speech sounds as produced by 
this machine, it will be possible to definitely establish such 
important points as were brought up by Dr. Williams and Mr. 
Chubb, that certain of the vowel sounds may be pattern pic
tures or low-frequency beats produced by combining resonance 
tones of nearly the same pitch. I note with satisfaction that 
the main idea of the paper is pretty generally accepted, viz., 
that the speech sounds are each represented by a special pat
tern or form picture as shown in the table called the phonographic 
alphabet. How absolutely necessary it is that a form picture 
of the sound wave should be the means of distinguishing the 
different alphabet sounds one from another, is well put by Mr. 
Taylor, when he explains that, if a definite fixed pitch stood for 
an alphabet sound we should often hear the speech sounds when 
listening to an orchestra. 

In reply to Mr. Taylor's interesting statement regarding the 
formation of the vowel sounds as being determined by the form 
of opening, and character of vibration of the vocal chords, I 
have personally learned by stroboscopie observation of the vocal 
chords of several persons by the assistance of a throat specialist, 
that the vocal chords are absolutely quiet during the whispered 
vowel A (as in far), the same vowel tried by Mr. Taylor. This 
then proves that the formation of the vowel A sound is not deter
mined by the vocal chords but is due to either the natural coming 
together of certain resonance tones of the throat, mouth, and 
nasal cavities, thus forming low-frequency patterns or beats, 
or is an intensity \^ariation controlled by the muscles of the 
lungs, throat and mouth, utilizing a muscle tremor. In this 
connection, it is important to note that the muscles of the 
human diaphragm and lungs are mainly controlled by the phrenic 
nerve and are operated by nerve impulses varying between 30 
and 100 cycles per second. The inference can be drawn that 
when the air is expelled from the lungs by the diaphragm muscle 
in forming a vowel sound, it comes out in intensity pulses of a 
definite shape and period corresponding to that of the nerve 
impulse. I am quite sure that this is the explanation for the 
intensity variation of such a simple sine wave curve as that of 
the alphabet sound 0 , curve No. 17. 

In answer to the query why the special record obtained by the 
voice-operated machine of my design would be more condensed 
and more easily deciphered than a combination of telephone 
and oscillograph, I submit the following illustration. Assume 
that the word boat is spoken and it is to be recorded in the 
phonographic alphabet. This is the phonetic word bot. The 
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time required for utterance is (for ordinary speech) approximately 
b in 1/50 second, o in 1/4 second, and t in l /25th second. Let 
the cylinder of paper for the record rotate at a speed of 3 inches 
per second; then the pattern b is l /16th of an inch long, o is 
12/16ths of an inch long, and t is 2/16ths of an inch long. The 
resulting record occupying a space 15/16th inches long in con
trast to that of the typed distance of 9/32 inches. Therefore, 
the record of the voice-operated machine will be 3 1/3 times the 
length of the corresponding letters if typed. It is evident that 
the combination of telephone and oscillograph only writes down 
the compound speech curve without analyzing it into its elements 
and the resulting record has been found so complex owing to the 
compounding of different tones and their variations in intensity, 
that it is practically impossible to decipher it. But the voice-
operated machine would have the power of writing down in the 
form of the phonographic alphabet the variations in intensity 
of any of the speech-tones which operate the resonating elements 
of the machine after analyzing the compound speech curve into 
the tones of which it is composed. 


